u s i n g l i n e a r l y p o l a r i z e d bremsstrahlung a s photon source i s d i scussed a s a new method f o r t h e d e t e r m i n a t i o n of bound M I s t a t e s . I t i s b r i e f l y mentioned how s p i n s , p a r i t i e s , decay widths and mixing r a t i o s of m u l t i p o l e t r a n s i t i o n s can be t a i n e d i n photon s c a t t e r i n g . Recent 6 0~i (7, y) , 'OZI-(B, y ) and 28BPb ('if y ) measurements, which show t h a t s t r o n g El e x c i t a t i o n s a r e p r e s e n t i n t h e r a n g e o f the M I r e s o n a n c e , a r e d i s c u s s e d a s examples f o r t h e method. R e s u l t s from a 2 6~g ( y , y ' ) experiment a r e p r e s e n t e d t o demonstrate how M I s t r e n g t h s between e x c i t e d s t a t e s can be measured.
I n t r o d u c t i o n One of t h e t o p i c s of t h i s symposium i s t h e i n v e s t i g a t i o n of magnetic d i p o l e e x c i t a t i o n s and r e l a t e d Gamow-Teller t r a n s i t i o n s . There a r e s e v e r a l i m p o r t a n t c o n t r i b u t i o n s t o t h i s conference about d i f f e r e n t experiments t o l o c a t e M I s t r e n g t h i n an unambiguous way.clkle of t h e f a c e t s i n t h e mosaic of i n f o r m a t i o n o b t a i n e d about M I s t a t e s i n n u c l e i
stems from n u c l e a r resonance f l u o r e s c e n c e (NRF). The e l e c t r o m a g n e t i c i n t e r a c t i o n i s w e l l understood and, t h e r e f o r e , photon s c a t t e r i n g i s a n i m p o r t a n t t o o l f o r s t u d y i n g n u c l e a r t r a n s i t i o n s of low momentum t r a n s f e r .
I n t e r e s t i n g c o n t r i b u t i o n s i n t h e f i e l d of NRF come from experiments w i t h monoenergetic photons i n r a d i a t i v e n e u t r o n c a p t u r e r e a c t i o n s / 1 , 2 / . Another p o s s i b i l i t y t o o b t a i n monoenergetic h i g h energy y-rays
a r e ( p , y ) r e a c t i o n s . NRF experiments u s i n g t h e s e photons a r e successf u l l y c a r r i e d o u t a t Groningen / 3 , 4 / . The ( p l y ) photon i n t e n s i t i e s a r e s e v e r a l o r d e r s of magnitude s m a l l e r than i n ( n , y ) r e a c t i o n s a t high f l u x r e a c t o r s , b u t ( p l y ) r e a c t i o n s y i e l d photons which a r e l i n e a r l y p o l a r i z e d . P o l a r i z e d photons a r e n e c e s s a r y , i f p a r i t i e s of e x c i t e d s t a t e s s h a l l be determined.
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The type of measurements I will focus on in this talk are NRF experiments in which the incoming photon beam has a continuous frequency spectrum. This has the advantage that all states with large ground state decay widths can be excited simultaneously and one is not limited by random overlap of incident y-ray energy and excitation energy of a particular state. Gn the other hand, bremsstrahlung produced by electrons is one of the most intense photon sources (-109y/s).
Pioneering work in photon scattering of bremsstrahlung on low energy nuclear levels has been carried out by Metzger / 5 , 6 / . With the advance of high current electron accelerators and with electron energies of more than 10 MeV, bound states in the region of the magnetic dipole resonance became accessible to NRF. Therefore, we nowadays have the possibility to study MI excitations with the high precision of y-ray spectroscopy.
Nuclear Resonance Fluorescence
The NRF method is described in a couple of review articles /5,7,8/ and only a short summary shall be given here for a better understanding of results discussed later.
NRF USING UNPOLARIZED BREMSSTRAHLUNG
If a nucleus is irradiated by a continuous photon spectrum it will act like a monochromator, namely pick out photons with energies corresponding to the excitation energy of an excited state and then the nucleus will deexcite and emit monochromatic y-rays. These scattered photons are detected with the help of high resolution Ge(Li)detectors. Fig. 1 . Excitation process in a NRF experiment and subsequent decay of the excited state to a final state, which can be an excited level or the ground state. The deexcitation y-ray of multipolarity L2 or mixed multipolarity L2 and L2' is observed in a NRF measurement.
As indicated in Fig. 1 For elastic scattering the directly measured quantity is To /r, where T is the total width of a level.
The information about the spins of the levels, which are involved in the scattering process, and the multipolarities of the transitions is contained in the angular distribution function kg/.
W(O) is plotted in Fig. 2 in polar coordinates for the case of pure dipole and quadrupole cascades in a spin J=O target nucleus. It is obvious from Fig. 2 that it is sufficient to measure photon scattering at only two angles (0=90° and 127') to determine the multipolarity of elastically scattered photons by a spin J=O target.
-detector s If inelastic photon scattering occurs on a spin J = 0 target, mostly the final state will be +=he first excited 2 ' level. In this case the angular correlation coefficient Av (2) in equ. (2) for the deexcitation y-ray depends oq the ratio 62 of the matrix elements of the multipoles L2 and L2 = L2 + 1 contributing to the deexcitation process. It is, therefore, possible to determine the matrix elements of different multipoles involved and their relative sign in a NRF experiment. An example will be given at the end of this talk. Fig. 3 for a scattering angle of 0=90°. If the polarization of the incoming photons is less than 100 %, the terms containing cos2@ have to be multiplied by the degree of photon polarization Py.
In a NRF experiment with linearly polarized bremsstrahlung we measure the azimuthal scattering cross section with the help of detectors, which are placed at 0=90° perpendicular and parallel to the polarization plane. These asymmetries, which will be shown later for some nuclei, are the basis for parity determination.
2.2.1.

LINEARLY POLARIZED BREMSSTRAHLUNG
We have developed a method at Giessen to produce a linearly polarized bremsstrahlung beam by selectingthe off-axis part of the bremsstrahlung cone by a narrow collimator. This part is linearly polarized deflection magnets
Al radiator collimator e--beam
BrernsstraMung polarization:
Production of l i n e a r l y p o l a r i z e d bremsstrahlung a t t h e Giessen l i n a c .
and can be used f o r NRF experiments. The p r i n c i p l e of t h e e x p e r i m e n t a l arrangement a t t h e p o l a r i z e d bremsstrahlung f a c i l i t y of t h e Univers i t y of Giessen 6 5 MeV e l e c t r o n l i n e a r a c c e l e r a t o r i s sketched i n F i g . 4 . The a n g l e between t h e i n c i d e n t e l e c t r o n s and t h e bremss t r a h l u n g r a d i a t o r can be s l i g h t l y changed v e r t i c a l l y and h o r i z o n t a l l y by d e f l e c t i o n magnets s o t h a t o n l y a p o l a r i z e d o f f -a x i s p a r t of t h e bremsstrahlung can p a s s t h e subsequent co l~m a t o r . Maximum p o l a r i z a -3 ' t i o n i s o b t a i n e d a t an a n g l e of about moc /E,-'.
The d i r e c t i o n of p o l a r i z a t i o n i s i l l u s t r a t e d i n t h e lower p a r t of Fig. 4 . The e l e c t r i c f i e l d v e c t o r of t h e bremsstrahlung photons i s p r e f e r e n t i a l l y a l i g n e d t a n g e n t i a l t o a c i r c l e around t h e d i r e c t i o n of t h e inm~ning e l e c t r o n s
The requirement of a very t h i n bremsstrahlung r a d i a t o r ( 2 5 p m A 1 a t Giessen) makes a high c u r r e n t a c c e l e r a t o r n e c e s s a r y t o o b t a i n enough bremsstrahlung i n t e n s i t y . The average e l e c t r o n c u r r e n t of t h e Giessen l i n a c i s about 300 uA. /; ON. a r e d e t e c t e d p a r a l l e l and p e r p e n d i c u l a r -t o t h e p o l a r i z a t i o n p l a n e . The P S D spectrum shows an enhancement of t h e n e u t r o n y i e l d p a r a l l e l t o t h e p o l a r i z a t i o n p l a n e .
-Pulse Shape
The degree of bremsstrahlung polarization can be measured with help of the photodisintegration of the deuteron. After absorption of El radiation protons and neutrons are preferentially emitted in the direction of the E-vector as depicted in Fig. 5 .Bremsst ahlung olarization is determined at Giessen with the help of 'H(7.n) and P H (~t p ) polarimeters. Neutrons and y-rays in the neutron detector are distinguished by pulse shape discrimination (PSD). PSD spectra are shown in the lower part of Fig. 5 . Clearly, the number of neutrons N,, detected parallel to the polarization plane is larger than the number of neutrons NI observed by the detector located perpendicular to the scattering plane, while the yield of y-rays remains constant. lllljll -------------I!,,+,--2~(T,p) measurements have the advantage that the energy dependence of zhe+bremsstrahlung polarization can be determined more easily than in H(y,n) experiments. Figure 6 shows proton spectra detected with the help of semiconductor telescope detectors parallel and perpendicular to the bremsstrahlung polarization plane. The bremsstrahlung polarization, which was derived from the measured proton yields, is plotted in the lower half of Fig. 6 . The polarization is zero at the endpoint energy of the bremsstrahlung spectrum (15 MeV) and rises lineasly+to a degree of polarization of 33 % at 7 MeV photon energy. This H(y,p) measurement was performed simultaneously during a ( T I y) experiment, which will be discussed later.
+ The polarization effect in the (y,y) spectra is demonstrated in Fig. 7 . This NRF measurement was g~rformed with four Ge(Li) detectors at @=OO, 90°, 180' and 270' and a Zr02 target. Plotted are escape peaks of the 6296, 6425 and 6762 keV transitions in 9 0~r and the double escape peak of a transition to the 2 ' state at 6917 keV in 160. The upper spectrum shows the sum of counts of the Ge(Li) detectors placed parallel to the polarization plane and the lower spectrum those perpendicular to the E-vector.
All peaks in Fig. 7 which stem from excitations in 'Ozr are enhanced in the lower spectrum being evidence that El transitions are excited. The only peak which is stronger in the spectra recorded parallel to the polarization plane stems from a weak E2 transition to a 2 ' state (ro=0.12 eV) at 6917 keV in 160. It should be noted that the energy resolution in the spectra is very high. The FWHM of the peaks in Fig.   7 is of the order of 4.8 keV.
Experimenta~sults and Discussion
NRF experiments using bremsstrahlung have been carried out in the whole range of the periodic table /6-8,10/. Nuclei in the Op-shell were studied at Urbana and at Sendai /11,12/. For the odd sd-shell nuclei we now have a very complete systematics of ground state transition widths from NRF experiments performed by Shikazono and Kawarasaki and by Vodhanel /13,14/. The even sd-shell nuclei were investigated with unpolarized and polarized photons at Giessen /15/. 
Highly excited bound dipole states in heavier nuclei were studied at Urbana /16/, Sendai /17,18/ and Giessen. Besides one NRF experiment on 208pb /19/ all other scattering experiments using polarized bremsstrahlung were performed at Giessen. So far, isotopes in the sd-shell and the following heavier nuclei were investi ated at our polarized The even Ni isotopes have been recently studied by inelastic scattering of 200 MeV protons at Orsay /24,25/. Proton inelastic scattering at very forward an les is very sensitive to MI excitations and the (pIpl ) spectra from 58~60r62r64Ni show sharp peaks in the range between 7 and 10 MeV, where the T<=To component of the MI resonance is expected to be located. On the other hand, El transitions can also be excited in (p,pl) by Coulomb excitation and these cross sections are also very forward peaked. In order to find out the parities of dipole excitations in a model independent way, 'ONi (t,y) experiments were performed in the course of a Ph.D. thesis by Naatz and first results shall be reported here. Even if the unrealistic assumption is made that all states, for which we could not determine the parity, are MI excitations~only about one half of the aforementioned sum rule value would be reached. Figure 9 shows the part of the 6 0~i (y ,y) spectrum, in which the MI transitions occured (peaks number 13,14 and 22) . It is obvious, if we take into account the result from the asymmetry measurement in Fig. 8 that the main dipole strength in 6 0~i observed in NRF is due o El excitations. A detailed comparison structures observed in ON^ (p,pl) with 61 and MI strengths from "Ni(y,y) is difficult at present and has to await a careful analysis in the near future. The results from the tagged photon measurements and the NRF experiment at Urbana are depicted in Fig. 10 . The dotted line represents the convolution of the Zr(y,y) cross section data from Cannell /32/. The photon scattering strengths from the 9 0~r (y, y' ) experiments using Ge(Li) detectors /35/ were divided by the square of the excitation energy for the comparison with the tagged photon data. A measurement of the angular distribution yielded that at least the strongest transitions above 5 MeV are dipole excitations /33, 34/.
A "Zr (y, y) spectrum is plotted in Fig. 1 1 in order to give an impression how dense the distribution of peaks is. This spectrum represents the sum of spectra obtained with the help of four Ge(Li) detectors during the two runs at Giessen with linearly polarized bremsstrahlung of 15 MeV endpoint energy. Four adjacent channels have been added together for this survey plot. The solid lines in Fig. 12 represent the avergge bremsstrahlung polarization obtained during the two runs on Zr. Determination of the bremsstrahlung polarization was explained by Fig. 7 . The analysis of parities of weaker transitions is in progress. MI excitations reported by Meuer et al. /35/ are at the resent detection limit of NRF experiments, which raises slowly from lz/r= 0.2 eV at 6 MeV to 0.6 eV at 9 MeV and then ascents steeply to about 2 eV at 10 MeV for 9 0~r .
The parity of a state at 8496 was determined in Ref. /36/ to be positive. We observed a state at 850023 keV , which has almost the same ground state decay width, but the measured parity is negative (four standard deviations away from the value for posith~e parity). A negative parity is in agreement with the result from Zr(e,e1)/35/, where a state at 8.494 MeV was found, whose formation was cleady compatible with an El excitation (but a Jn=2-assignment could not be completely ruled out). I n summary, shows a c o n c e n t r a t i o n of d i p o l e s t r e n g t h i n t h e energy r e g i o n around 9 MeV. Many s t a t e s a r e l e s s t h a n 30 kev a p a r t i n energy. So far, p a r i t i e s of 11 s t r o n g s t a t e s were determined t o be T = -and a t e n t a t i v e s p i n and p a r i t y assignment of ( I -) f o r f o u r f u r t h e r s t a t e s can be given. Although ( p , p l ) experiments a t i n t e r m e d i a t e e n e r g i e s a r e very s e n s i t i v e t o M I e x c i t a t i o n s , c a u t i o n seems t o be unavoidable t o i n t e r p r e t a l l t h e s t r e n g t h between 8 and 10 MeV a s M I s t r e n g t h , because many peaks observed i n ( p , p l ) /30/ l i n e up w i t h E l s t r e n g t h observed i n ( T I y ) . 06 -E n e r g i e s of t h e e x c i t e d s t a t e s a r e l i s t e d i n keV. The o n l y t r a n s i -0 2 1 t i o n w i t h w s i t i v e m i t y stems f r o m a n E 2 ex-3 0 c i t a i o n i n 160 from t h e 'oZr02 t a r q e t . The
-02
s o l i d l i n e s r e p r e s e n t t h e asymmetries e x p e~t e d -OL on ground of t h e 2~ ( y t p ) -06 measurement ( s e e Fig. 6 ). 
It
. A p r e c i s e measurement of t h e a n g u l a r d i s t r i b u t i o n of i n e l a s t i c a l l y s c a t t e r e d photons i s e x p e r i m e n t a l l y d i f f i c u l t i n s o f a r t h a t good s t a t i s t i c s i n t h e s p e c t r a i s r e q u i r e d t o c a l c u l a t e mixing r a t i o s w i t h s u f f i c i e n t accuracy. A t a low d u t y c y c l e e l e c t r o n l i n e a r a c c e l e r a t o r a s t h e Giessen l i n a c t h e r e p e t i t i o n r a t e of t h e a c c e l e r a t o r h e a v i l y l i m i t s t h e p o s s i b l e c o u n t i n g r a t e .
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10 ENERGY ( MeV ) F i g . 14. High energy p a r t of a NRF spectrum from 2 6~g recorded w i t h a G e ( L i ) d e t e c t o r a t t h e 14 MeV s t a g e of t h e Mainz r a c e t r a c k m i c r o t r o n .
T h e r e f o r e , a h i g h d u t y c y c l e e l e c t r o n a c c e l e r a t o r has a g r e a t advantage. The u s u a l l y lower e l e c t r o n c u r r e n t of h i g h d u t y f a c t o r machines does n o t h u r t i n t h i s c a s e , because t h i c k bremsstrahlung t a r g e t s can be used f o r p r o d u c t i o n of u n p o l a r i z e d photons.
W e made a f i r s t a t t e m p t t o o b t a i n B(M1) v a l u e s between e x c i t e d s t a t e s i n a NRF experiment w i t h bremsstrahlung a t t h e 14 MeV s t a g e of t h e new r a c e t r a c k microton a t Mainz ( M A M I )
, which has a d u t y c y c l e of 100%. Two G e ( L i ) d e t e c t o r s were p l a c e d a t 0=90° and 150' w i t h r e s p e c t t o t h e bremsstrahlung beam. A NRF spectrum from 2 6~g i s shown i n F i g .
14. The t r a n s i t i o n of i n t e r e s t i s l a b e l e d 31 and it proceeds from a 1' s t a t e a t 10148 keV /46/ t o t h e f i r s t e x c i t e d s t a t e i n 2 6~g . Peak number 3 i s t h e corresponding e l a s t i c l i n e . (Another p a i r of t r a ns i t i o n s , b u t w i t h n e g a t i v e p a r i t i e s , proceed t o a 1 s t a t e a t 8504 keV; peaks number 9 and g l ) .
The t h e o r e t i c a l r a t i o of c r o s s s e c t i o n s R = W ( 0 = 1 5 0°) /~( 0 = 9 0 0 ) f o r i ne l a s t i c photon s c a t t e r i n g i n v o l v i n g a s p i n cascade 0 +1*+2+ i s p l o t t e d i n F i g . 15 a s a function o f t h e mixing r a t i o 6 ( s e e equ. 4 ) .
Two c u r v e s a r e o b t a i n e d depending on t h e s i g n of 6 . The e x p e r i m e n t a l l y measured r a t i o of i n e l a s t i c photon s c a t t e r i n g i n t e n s i t i e s R=0.81+0.10 f o r t h e 1 s t a t e a t 10148 keV i s p l o t t e d o n t o t h e t h e o r e t i c a l r a t i o curve. W e f i n d t h a t t h e r e l a t i v e s i g n between t h e E2 and t h e MI m a t r i x elements is negative and calculate a B ( M I ; 1 + (1 01 48 keV) +2+ (1 809 keV) ) v a l u e of 0.080 f ::::: 2 . T h i s s t r e n g t h t o t h e f i r s t e x c i t e d s t a t e i s about 1/3 of t h a t f o r t h e ground s t a t e . to 90' for inelastic photon scattering on J=l state, which decays to a 2+ level. The measured ratios for a y-ray cascade of even and one of odd parity are plotted with error bars onto the theoretical curve.
The error bars for the ratio of inelastic photon scattering cross sections (a second one is given in Fig. 15 for a case, where M2/E1 interference occurs) from this first test run are still relatively large. Further experiments are necessary to yield transition probabilities with smaller errors. The intention of this last example, however, was to discuss one of the new capabilities of NRF at modern accelerators in the near future.
